Large concentrations of combustion-generated graphitic carbon particles have been identified at ground level and at altitude in the Arctic atmosphere. Concentrations of these particles during certain times of year and at certain altitudes are comparable to those in urban centers in the United States . . These graphitic particles, which have a structure similar to carbon black, have been identified on a molecular level using Raman spectroscopy at sites in the Alaskan, Canadian, and Norwegian Arctic. The black particles are very effective absorbers of solar radiation and can lead to significant heating effects, depending primarily on theii distribution in time and space. Recent measurements from an airplane indicate that high concentrations of graphitic particles occur throughout the Arctic troposphere, and at certain altitudes the concentrations can be significantly higher than at ground leveL The implications of these results to radiative transfer will be discussed.
INTRODUCTION
Aerosol particles can change the radiation balance of the earth, leading to a cooling or heating effect with the magnitude and sign of the temperature change largely dependent on aerosol optical properties, aerosol concentrations, and the albedo of the underlying surface (ref.l). A purely scattering aerosol will reflect energy that would normally be absorbed by the earth-atmosphere system back to space and leads to a cooling effect. As one adds an absorbing component to the aerosol, it can lead to a heating of the earth-atmosphere system if the reflectivity of the underlying surface is sufficiently high. Most studies of the effects of aerosols on atmospheric radiative transfer on a global scale have assumed a dominantly scattering aerosol with only a small absorbing component, since this appears to be a good representation of naturally occurring aerosols.
Analysis of the optical properties of aerosols in urban locations, however, indicates that the absorbing component can be substantial, due to the presence of large concentrations of combustion-generated graphitic carbon particles that have been identified on a molecular level by Raman spectroscopy (refs. 2-4) . If these particles can be transported on a global scale, then one would expect to *This work was supported by the Director, Office of Energy Research, C02 Research Division of the U.S. Department of Energy under contract DE-AC03-76SF00098. observe significant aerosol absorption even in remote locations such as the Arctic region. In this paper, we report on the observation of substantial concentrations of graphitic carbon particles at ground level and at altitude in the western Arctic. The concentrations of these particles appear to be sufficiently large to lead to significant heating effects during springtime over the high surface albedo polar icecap.
GROUND-LEVEL CONCENTRATIONS OF GRAPHITIC PARTICLES IN THE WESTERN ARCTIC
Recent studies at ground level in the Alaskan Arctic (refs.S-7) show the presence of substantial concentrations of carbon-and sulfur-containing particles that seem to be characteristic of the Arctic region as a whole (refs.8-10) .
These particles are effective scatterers and absorbers of visible radiation (refs. 7,11) and appear to be responsib1 e for the phenomenon of Arctic haze first reported by Mitchell (ref.12) .. On the basis of trace element analysis, it has been suggested that these particles originate from anthropogenic sources at midlatitudes (refs.S,8) . Direct substantiation of comb~stion-generated particles in the Arctic atmosphere has been provided by the identification of large concentrations of graphitic carbon particles at the Q1CC-NOAA observatory near Barrow, Alaska (ref. 7) . The concentrations of these particles during winter and spring are only about a factor of 4 less thl:ln typical urban concentrations in the United States (ref. 7) , as shown in Fig. 1 . These graphitic particles, which can only be produced from high-temperature combustion processes, have been identified on a molecular level using Raman spectroscopy. If one excludes natural burning processes that are not expected to be a significant source term during winter and spring when the Arctic haze is at a maximum, then one can attribute these graphitic particles directly to anthropogenic activities. These particles, which have large absorption cross sections (~ 10 m2/g) in the solar spectral region, can lead to significant heating effects (refs.13-IS). The magnitude of these effects largely depends on the vertical and horizontal distributions of the graphitic particles as well as their concentrations as a function of time of year (refs.14,IS). In this paper, we· report on an extension of our studies of carbon particles in the Alaskan Arctic to the Canadian and the Norwegian Arctic. These studies, using the Raman scattering technique, identify substantial concentrations of graphitic carbon particles at ground-level stations throughout the western Arctic.
The Raman spectra are obtained directly from aerosol particles collected on various filter media without any pretreatment procedures. These spectra are observed on top of a large fluorescent background, which is due both to the filter media and the highly fluorescent material in the sample. Irradiation of the sample with the argon laser for 24 hours reduced this background by about an order of magnitude. The intensity of the Raman spectra was typically about 1% , can lead to significant changes in aerosol absorption. We will consider three examples.
1. Graphitic carbon particles internally mixed with all the major submicron aerosol components (i.e., sulfates, organics).
2. Graphitic carbon particles internally mixed with only submicron organic aerosol components. of the Arctic will be available in the future.
